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PREFACE 

The series of manuals on techniques describes procedures for planning 
and executing specialized work in water-resources investigations. The 
material is grouped under major subject headings called "Books" and 
further subdivided into sections and chapters. Section A of Book 8 is on 
instruments for measurement of water level. 

The unit of publication, the Chapter, is limited to a narrow field of 
subject matter. This format permits flexibility in revision and 
publication as the need arises. Chapter A2 deals with installation and 
servicing of U.S. Geological Survey manometers. 

Provisional drafts of chapters are distributed to field offices of 
the U.S. Geological Survey for their use. These drafts are subject to 
revision because of experience in use or because of advancement in 
knowledge, techniques, or equipment. After the technique described in a 
chapter is sufficiently developed, the chapter is published and is for 
sale by the Distribution Branch, U.S. Geological Survey, 604 South 
Pickett Street, Alexandria, VA 22304. 

Reference to trade names, commercial products, manufacturers, or 
distributors in this manual constitutes neither endorsement by the 
Geological Survey nor recommendation for use. 
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INSTALLATION AND SERVICE 

D 
MANUAL FOR U.S. GEOLOGICAL 

SURVEY MANOMETERS 

By J. D. Craig 

The purpose of this manual is to 
describe the installation, operation, and 
maintenance of the bubble-gage manometers 

currently (1982) used by the U.S. 

Geological Survey. Other applications of 
these devices, such as the long manometer 
and di~~e~een~~a.l_manometer,_are-discussed,~ ,;;r’l--“-, .__ _.._ 
and accessories available for them are 
described. 

The bubble gage (water-stage manometer 
with gas-purge system) described in the 

Installation and Service Manual, October 
1962, has been extensively modified and 
developed into the STACOM (stabilized and 
temperature compensated) device. This 

chapter is the manual for the STACOM unit 
and an update of the manual for the screw- 

type bubble gage. 
for both units-l/ 

A parts list is included 

GENERAL DESCRIPTION OF THE 
MANOMETERS 

The manometers operate on the 
principle that a difference in 
pressure between ends of the mano- 
meter displaces the free surface 
of a liquid-mercury column. Dis- 
placement of the liquid mercury 
develops a head sufficient to 
balance the pressure. The 
pressure-cup reservoir on the 
manometer is driven by a servo 
motor, actuated by a float switch, 
to a position that develops a 
sufficient height of mercury to 
balance the pressure. The float 
switch operates within a narrow 
lead band and actuates the motor 

until a null position is developed 
when the pressure is balanced. 
Activitation of the float switch 
is a direct consequence of move- 
ment of the free surface of mer- 
cury when pressures across the 
manometer change as a result of 
variations in stream level. A 
counter displays the stage 
(height), in feet of water, which 
is recorded on an analog or 
digital recorder or both. The 
manometer assembly converts the 
pressure in the sensing element of 
the gas-purge system to a shaft 
rotation, which drives the stage- 
indicating and recc?rdSng 

-mechanisms. 
Pressure transmitted through 

the manometer tubing to the pres- 
sure-cup reservoir is developed at 
a bubble orifice placed in the 
stream. When a gas is supplied 
through the tubing and bubbles 
freely into the stream through an 
orifice at a fixed elevation, 
pressure in the tubing is equal to 
the pressure head at the bubble 
orifice. Minor differences due to 
variation in the weight of gas and 
friction of the flowing gas in the 
connecting tubing result in small 
errors in the pressure. The gas- 
purge system provides a means of 
transmitting the pressure head of 
water above the orifice to the 
manometer. The dynamic purge 
provided by the continuous forma- 
tion of bubbles avoids discrepan- 
cies of locked-system temperature 
effects. This principal is 
utilized to transfer pressure head 
caused by stream stage to the re- 
cording equipment in the gaging 
station, which is installed at a 
location above expected flood 
levels. 

The servo-control unit 
provides the amplification neces- 
sary for the sensitive float 

1/ Part numbers in this manual refer to drawing dated Oct. 21, 1971, for STACOM, and 
Sept. 1, 1959, for screw type. 
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switch to control operation of the 
motor. Amplifiaation is needed 
because pressure on the float- 
switch contacts otherwise is too 
light to provide enough electric 
current to operate the motor. 
Such sensitivity is required to 
detect changes in mercury level of 
only a few thousandths of an 
inch. The servo-control unit also 
provides a delay circuit to dampen 
pressure surges that often result 
from surface waves or water- 
velocity disturbances. The 
circuit locks the manometer drive 
during punching of the paper tape 
on the digital recorder. The de- 
lay circuit also eliminates un- 
desirable "painting" of analog- 
recorder charts and contributes to 

~*?w~,.. . longer periods of- satisfactory __ ~- ~_ ~~ 
operation'. 

Recording equipment used with 
the manometer can be any type of 
analog or digital water-stage re- 
corder. Those units with suitable 
sprocket ratios or jack shafts can 
be chain driven by the manometer 
unit. The two drive sprockets 
regularly furnished are designed 
to permit coupling to the Leupold 
& Stevens digital recorder, the 
Leupold & Stevens continuous 
recorder Model A-71, and the 
Fischer & Porter digital recorder 
Series 1542. 

THE STACOM MANOMETER The new U.S. Geological 

The U.S. Geological Survey 
manometer (bubble gage) was first 
introduced in 1956, but fewer than 
100 were installed in the next 
several years. The manometer 
would have failed and been for- 
gotten except for the men in a few 
field offices who were determined 
to make it work because it was the 
only viable alternative to a 
stilling well. 

Frustration and disappoint- 
ment prevailed until 1961, when a 
more reliable mercury-wetted servo 

control was introduced. Although 
far from perfect, this control 
improved operation and allowed c 
more detailed analysis of other 
manometer problems. Thus, during 
1961-67, several accessories for 
improved operation were offered, 
used, and subsequently required on 
procurements of new manometers. - 

During 1963-67, several com- 
mercial versions of all-solid- 
state servo controls were tried 
with fair to poor results. How- 
ever, in 1968 an in-house- 
designed, ramp-start, solid-state 
servo control was introduced that 
significantly improved record col- 
lection. In fact, the new control 
unit avoided a decision to adopt a 
much more expensive and complicat- 
ed pi&up system that h& Le.cYJn &- Y&U.. - 
s i gn&d t 6 e l~~~~te~~ggi.~ 
lems with "loss of sensitivity." 

Through the development 
years, the hydrographers respon- 
sible for record collection sug- 
gested a multitude of devices or 
changes. Although many of these 
suggestions were not feasible or 
economical, the general tone of 
the complaints was considered very 
carefully. Consequently, design 
of a new manometer that would sat- 
isfy the complaints and further 
improve operation was begun in 
1969, and testing was done in 
1971. 

$ \/ 

Survey STACOM manometer-is the 
first significant model change 
since introduction of the bubble- 
gage manometer in 1956. The word 
STACOM is derived from the two 
words--STAbilized and temperature 
COMpensated. This title will also 
clearly distinguish it from the 
original screw-type manometer. 

The threaded shaft has been 
replaced either with a cable belt 
and sprocket-drive system (earlier 
STACOM models) or a roller chain 
(later STACOM models). The motor- 
drive assembly is pivoted and can 
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di 

Overflow reserv&r Vent tb atmosphere 

Figure 1. --STACOM manometer drive system. 
Adjustable limit s;itch Hand knob 

Figure 2. --Pressure reservoir traverse system. 

be uncoupled by loosening one 
screw (fig. 1) and moving the 
platform to the left until the 
motor-drive gear is disengaged. 
The pressure reservoir (moving 

cup) can then be caused to 
traverse the entire vertical 
distance quickly with a few turns 
of the hand knob (fig. 2) at the 
rear of the manometer backplate. 
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The counter remains synchronized 
throughout this traverse, so any 
datum that had been established is 
not lost. Guide rails direct the 
path of the pressure reservoir. 
Less power is required by the new 
drive system to move the reservoir 
due to lower friction and, more 
importantly, less variation in 
friction., 

Temperature Compensation 

All uncorrected mercury 
manometers of the type used by the 
Geological Survey have an error of 
0.01 percent per degree Fahrenheit 
change in temperature due to 
changes in specific gravity of the 
mercury with temperature. Unless 
high heads and rapid changes in 
temperature occur, this error is 
probably not noticed, as it is 
corrected for gradually during 
regular visits to the station when 
the manometer is reset to the out- 
side gage reading. When a high 
degree of accuracy is required, 
the error can be reduced to less 
than 0.001 percent per degree 
Fahrenheit by adding an optional 
correcting device to the STACOM 
manometer. 

The ambient-temperature- 
correcting device varies the angle 
of the manometer with the vertical 
in direct proportion to the tem- 
perature change. To prevent af- 
fecting the base datum, the two 
mercury reservoirs must be per- 
fectly alined front to rear 
(fig. 2), so that both subscribe 
identical arcs about the pivot 
point at manometer zero. To check 
for accuracy of reservoir aline- 
ment, the-counter must remain at 
zero throughout the full excursion 
of manometer-angle adjustment with 
the pressure reservoir open to the 
atmosphere. (This requirement 
prevents the original manometers 
from being modified in a practical 

way to compensate for temperature 
errors.) 

The temperature-correcting 
device is a self-contained servo 
package (fig. 3) that samples the 
manometer backplate temperature 
each minute, corrects the mano- 
meter angle if necessary, and then 
shuts off until the next minute. 
The device has a visual counter 
readout in degrees Celsius and 
operates from two 6-volt lantern 
batteries for a year or more. The 
temperature-correcting device is 
recommended only for models 
designed for stage changes of 
75 feet or more. 

The preceding discussion 
reveals that manometer angle (when 
measuring water head with gas 
purge) is really a function of 
temperature; therefore, the most 
commonly used angle adjustment 
index should be engraved on the 
fold-out arm in degrees of 
temperature. 

This angle determination is 
accomplished with a fold-out arm 
and plumb bob with string 
(fig. 4), both fastened at 
predetermined points on the mano- 
meter backplate. With the arm 
extended and the plumb bob in 
place, the string hangs across the 
temperature index (fig. 5), which 
is calibrated with marks at 
5-degree-Fahrenheit intervals 
(degrees Celsius if automatic 
temperature correction is used). 
On a standard manometer, a 
manually adjusted screw is used 
(fig. 6) to set the angle to 
whatever the local average ambient 
temperature is estimated to be. 
Obviously one or more seasonal 
changes can be made to decrease 
errors due to extreme temperature 
changes. On 1981 later and 
models, a level bubble has been 
added to the upper left-hand 
corner on the backplate to set the 
gage (the same as the screw-type 
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Screw should be 
Visual 

Power cord removed when using Positioning 
readout 

Temperature 
I this compensator drive block adjust screw 

Thermisto’; Stop blzck and manual 
adjust screw removed 

Figure 3. -- Temperature servo with cover removed (rear view 
of manometer). 
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Fold-out arm’ ‘Plumb bob 

Figure 4. --Fold-out arm and plumb bob. 

gage) at 17'40', which represents 
67OF. 

When the automatic angle- 
correcting device is installed, 
the angle is set to agree with the 
visual {counter temperature reading 
of the unit, which should be the 
average ambient temperature at 
that time. On later visits, the 
angle can be checked occasionally 
to see that it continues to agree 
with thle counter readout. 

Float-Switch Reservoir and 
Mercury Overflow 

In recognition of the 
mercury-contamination risk to the 
environment and to eliminate an 
aggravation, a method is provided 
for catching the mercury if the 
system is accidentally, or 

6 

otherwise, purged. To accomplish 
this, it was first necessary to 
design the "O"-ring-sealed float- 
switch reservoir to provide an 
outlet for the mercury (fig. 7). 
Note that the float is smaller, 
the contact chamber is smaller, 
the contact spacing is adjustable 
externally, the mercury reservoir 
is smaller, and venting to the 
atmosphere is accomplished through 
the overflow reservoir. The 
rather devious inlet to the over- 
flow reservoir prevents mercury 
droplets from splashing out during 
a sometimes violent purge. By re- 
moving this overflow reservoir 
(fig. 1) from the backplate and 
inverting in an elevated position, 
the mercury can be poured back in- 
to the system. The return path 
should be carefully examined and 
the tube or reservoir tapped as 
necessary to insure that all sig- 
nificant droplets have returned. 
Somewhat violent mercury purging 
may damage the pivots and bearings 
and, therefore, should always be 
avoided if possible. The 
straightin side contacts are 
purposely bent slightly to one 
side so that the effective contact 
spacing can be varied easily by 
turning the outside stainless- 
steel hex nut (fig. 7). 

With the float switch sealed, 
a second gas-purge system can be 
attached at the reservoir outlet 
in place of the overflow reser- 
voir, and the manometer can be 
used as a differential pressure 
device. 

Miscellaneous 

There are four tapped holes 
on the right-side track of the 
movable mercury reservoir that are 
to be used if accessory rail 
sections (fig. 8) are to be in- 
stalled for mounting adjustable- 
stage microswitches or a peak- 
detection slider. The reservoir 
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Tapped holes, 

Figure 8. --Accessory switch rail section. 



carriage plate also has tapped 
holes for mounting the switch- 
activator arm of whatever length 
or configuration is necessary. 
The regular left-hand-track limit 
switches are also adjustable 
(fig. 21, which means that the 
manometer can control its own 
travel and can also control any 
external device on-off at any 
predetermined stage. 

The electrical connector on 
the manometer backplate is at- 
tached to an adaptor plate, which, 
in turn, covers a through hole 
large enough to accommodate the 
next larger size fitting. Tapped 
holes to attach such a fitting 
provide for field conversion to a 
more complex system in the future, 
if needed. Other through holes 
with hole plugs allow the passing 
of switch leads at any time. The 
motor connect is now a prepolar- 
ized single phone plug (fig. l), 
which simplifies phasing of motor 
rotation. 

The manometer cover is now a 
two-piece arrangement (fig. 9>, 
and normally only the top half 
needs to be removed for 
servicing. Large viewing windows 
are on the front and side for 
cursory inspection of the con- 
dition of the float-switch reser- 
voir, and a topside window is pro- 
vided for counter readout. 

It is possible to convert 
screw-type manometers to catch 
purged mercury as with the new 
manometer. 

The above description of 
equipment shows that there are 
three subsystems: 

1. The Gas-Purge System (fig. 10) 
2. The Manometer Assembly 

(fig. 10) 
3. The Servo-Control Unit 

(fig. 11) 

The complete installation also 
includes a suitable recorder 

unit. To properly diagnose mal- 
function of the stage-measuring 
device, symptoms should be iso- 
lated into one of the three (or 
four) subsystems. 

Purging Gas 

Nitrogen is used as purging 
gas because it is cheap and 
readily available in most locali- 
ties, it will not freeze and clog 
tubes, it is completely inert and 
safe, and it has very nearly the 
same weight as air. Compensation 
for weight variations that result 
from pressure are necessary for 
the recorder to follow variations 
in stage accurately. The density 
of river water also varies with 
temperature and with chemical and 
silt content, which causes errors 
in any pressure-sensing equipment 
used to record water levels. 

Under standard conditions, 
water is approximately 900 times 
as heavy as nitrogen; therefore, 
errors due to variations in weight 
of the gas will be small. The 
manometer assembly can be adjusted 
to compensate for all errors that 
vary linearly with stage. The 
only other error due to variation 
in the weight of the gas is caused 
by temperature. Because nitrogen 
at atmospheric pressure has very 
nearly the same weight as air and 
because the weight of the atmos- 
phere also varies with tempera- 
ture, it is only the effect of a 
difference in average temperature 
of nitrogen in the bubble tube and 
temperature of the air that needs 
be considered. 

For example, if the recording 
equipment is mounted 100 feet 
above the bubble orifice in the 
river with 2 feet of water over 
the orifice and if the average 
temperature of the gas in the bub- 
ble tube is constant at 400F. 
While the air temperature in- 
creases from 400 to 700F then the 
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Figure 9. --Two-piece cover. 
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error in the recorded level would 
be less than 0.01 foot. This 
error would decrease with the 
river stage and with the height of 
the equipment. For the usual 
height of equipment, this would 
not seriously affect the accuracy 
at low water, where greater ac- 
curacy is desired. 

Density Effects 

Any pressure-sensing system 
for recording tiater levels will be 
subject to errors due to varia- 
tions in the density of water with 
temperature and with chemical and 
silt content. Stilling wells are 
not completely free of these ef- 
fects because the water in the 
well may not have the same tem- 
perature or silt content as water 
in the river. Density-produced 
errors are usually quite small 
and, as they are proportional to 
stage, are, therefore, negligible 
at low water. The manometer can 
be adjusted for the effect of 
average silt concentrations, 
insofar as silt content varies 
directly with stage. The density 
of water does not vary appreciably 
with temperature from the freezing 
point to 60oF, but above 60oF, the 
variation is more rapid. At gOoF, 
for example, the relative density 
of water is 0.995. Density varia- 
tions with chemical content in 
freshwater streams are not large 
enough to be significant. 

Mercury, the heaviest liquid 
suitable for manometers, is used 
to keep manometers as short as 
possible. As the specific gravity 
of mercury is approximately 13.6, 
the effective vertical height of 
the manometer is l/13.6 times the 
head of water to be measured. 
Thus, the manometer must be 
13.6 times as sensitive to the 
mercury level as the accuracy 
desired in recording the water 

level (0.005 foot of water is 
equivalent to 0.0044 inch of 
mercury). 

Manometer Angle 

The manometer is installed at 
an angle of 17040' from the 
vertical at a temperature of 
670F. The angle is adjustable to 
compensate for temperature effects 
by use of the built-in index 
calibrated in degrees. From 
tests, the error caused by tem- 
perature change was empirically 
determined to be less than 
0.01 percent per degree 
Fahrenheit. Angular adjustment 
may be made to compensate for an 
average, say seasonal, temperature 
that is different from 67OF. An 
automatic temperature correcting 
servo package is recommended as an 
accessory on long manometers to 
minimize errors due to temperature 
variations (fig. 3). 

Power Consumption 

Because this equipment 
usually must operate for long 
periods from dry batteries, the 
power consumption has been held to 
a minimum. At 6 volts (or 7 1/2 
volts) the reversible motor draws 
about 200 milliamperes (1.2 watts) 
only while repositioning the 
manometer and recorder. The 
sensing and delay circuits draw 
currents of only a few milliam- 
peres, and, with contacts open, 
the current is only a few 
microamperes. 

DETAILED DESCRIPTION 

Gas-Purge System 

The gas-purge system (fig. 
12) is the most complex and criti- 
cal subsystem of the STACOM mano- 
meter. An understanding of its 
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function and proper installation 
is essential to operate the mano- 
meter satisfactorily. 

Gas cylinder 

Nitrogen is used as the 
purging gas, and it should be 
"dry" if the climate is such that 
moisture in the gas would freeze 
and clog the bubble tubes. Nitro- 
gen is dry because of the methods 
used in its production, but some 
slight moisture may be introduced 
if the compressors are water lu- 
bricated (W.P. nitrogen). Oil- 
pumped (O.P.) nitrogen is, there- 
fore, recommended, where avail- 
able, but nitrogen designated as 
"super dry" or "extra dry" may 
also be used. Most nitrogen is 
referred to as liquid pumped. CO2 
can be used and in some locations 
reduces orifice clogging from cal- 
cification; compressed air can 
also be used. 

A 114-cubic-foot-size 
cylinder will operate most bubble- 
gage installations for a year or 
more. A normally operating gage 
will cause a pressure drop of 
about 100 psi of nitrogen per 
month. Smaller or larger cylin- 
ders can be used as desired, 
depending on the required feed 
rates and accessibility of the 
gage site. 

Cylinder regulator 

The cylinder regulator 
furnished with the STACOM mano- 
meter is a single-stage model with 
a cylinder-pressure reading to 
4,000 psi maximum and a feed- 
pressure reading to 60 psi 
maximum. Some regulators are 
supplied with female threads com- 
patible with O.P. nitrogen cylin- 
ders equipped with CGA 550 fit- 
tings. The CGA 550 fitting has 
male, left-hand threads, 

0.904-inch diameter, 14 per 
inch. After 1978, the National 
Standard was changed to the CGA 
580 fitting with female threads on 
the cylinder and male threads on 
the regulator. If the regulator 
and cylinder fittings are not com- 
patible, the cylinder supplier may 
change the nipple and nut on the 
regulator so it will fit directly 
on the valve. While in service, 
the connection of the regulator to 
cylinder valve is subjected to 
continuous pressure up to 
2,000 psi. Even a small leak in 
this connection, or in the regula- 
tor, would rapidly exhaust the 
cylinder. Avoid using adaptor 
fittings from the cylinder to the 
regulator that will increase the 
probability of gas leaks. 

Constant-differential regulator 
and sight feed 

The constant-differential 
regulator with sight feed is a 
Conoflow gas-purge assembly, DH41- 
1088, illustrated in figure 12. 
The diaphragm of this regulator 
acts on a soft-seated plug to ad- 
mit just enough gas to maintain a 
pressure drop of 3 psi across the 
needle valve. 

Dow-Corning "200 fluid" sili- 
con oil, with 50 centistokes vis- 
cosity at 25OC, is furnished for 
use in the sight feet. The vis- 
cosity of this oil varies only 
slightly with temperature; there- 
fore, the volume of gas per bubble 
will not vary with temperature. 

Bubble tubing 

The bubble tubing furnished 
is black polyethylene, l/8-inch 
inside diameter and 3/8-inch 
outside diameter. Black polyethy- 
lene is not affected by ultravio- 
let light, as is the light-colored 
polyethylene, nor is it chemically 

17 



affected by any constituent of or- 
dinary soil. Black polyethylene 
tubing can, therefore, be buried 
directly in the ground. However, 
it is still recommended that the 
tubing be enclosed in a protective 
conduit or pipe to reduce problems 
with high stream velocities, 
rodents, and vandals. 

-Use of dual tubing 

Friction created by the flow 
of gas through the tubing must be 
overcome by an increase in gas 
pressure, which appears at the 
manometer as an apparent increase 
in water stage. If the bubble- 
feed rate could be kept constant 
and temperature did not vary, the 
friction would remain constant and 
would not affect accuracy. How- 
ever, with long bubble tubes or 
high gas-feed rates, variations in 
friction of the gas flowing 
through the tube can be 
signif icant. 

Inaccuracies due to varia- 
tions in gas friction can be elim- 
inated b:y using two tubes--one to 
feed gas to the bubble orifice and 
the other as a static-pressure 
tube to transmit pressure from a 
point at or near the orifice back 
to the manometer. Dual installa- 
tion of tubing is recommended only 
for distances greater than 
500 feet. 

When two tubes are used, they 
should be joined at a T-connector 
located at the top of the low- 
water bank and as near the bubble 
orifice as possible, with a single 
tube extending to the orifice. 
One tube serves as the supply line 
for gas to purge the system dynam- 
ically. The other tube simply 
transmits the static pressure at 
the "T" to the pressure-cup reser- 
voir and does not serve as a flow 
line. Additional valves can be 
provided so that the static- 

pressure tube can be separately 
purged if necessary. 

Orifice fitting 

The streamward end of the 
bubble tubing is secured by a 
special fitting to a 2-inch pipe- 
cap for ease of mounting in the 
stream. The design of this fit- 
ting allows the cap to be screwed 
on a 2-inch pipe without twisting 
the bubble tubing. The orifice 
must be anchored securely in the 
stream, as changes in its eleva- 
tion will result in corresponding 
errors in recorded gage height. 
Always point the orifice end 
downward as much as possible. To 
use the standard orifice fitting, 
add a standard steel elbow to 
assist in pointing the orifice 
down. 

Manometer Assembly 

For the tables and drawings, 
see sheets 1 to 6 of Appendix 
numbered parts for STACOM and 
sheets 1 to 4 for screw type. 

Functional Oneration 

for 

Pressure on the bubble ori- 
fice, corresponding to the head of 
water over the orifice, is trans- 
mitted to the manometer by the 
gas-purge system. This pressure 
is transmitted through the gas 
tubing to the mercury surface in 
the pressure reservoir (PC) via 
tubing (T-2) and displaces an 
equivalent head of mercury. (See 
fig. 22 for detail.) Therefore, 
mercury moves though the mercury- 
transfer tube (T-l) and changes 
the mercury level in the float- 
switch reservoir (FS). (See 
fig. 13 for method of welding 
T-l.) As the mercury level 
changes in the float-switch reser- 
voir, the stainless-steel float 

a 
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(FS-7) tips on jeweled pivots 
(~~-18). The center contact on 
top of the float armature moves 
laterally to touch either of the 
side contacts (FS-11, FS-12), 
which closes an electrical circuit 
and causes a motor to rotate a 
gear (US-13). The turning gear 
moves the cable belt on early 
models or roller chain on later 
models (part No. ZO), which, in 
turn, moves the pressure reservoir 
up or down the carriage tracks 
until the head difference between 
mercury surfaces balances the new 
head of w$ater in the stream. 

Float switch 

The float-switch contacts are 
made of a platinum-irridium al- 
loy. Electrical continuity is 
maintained through the mercury 
from the float to the stainless- 
steel tube fitting (FS-25 and 
E-6). This fitting protrudes 
through the bottom of the float- 
switch reservoir so that a small 
quantity of mercury is trapped, 
thus maintaining contact with the 
pin (FS-27) in the float when a 
decrease in pressure drains 
mercury from the reservoir. 

Drive motor 

The standard drive motor 
(M-6) is a Barber-Column 6-volt 
dc, 0.8 revolutions per minute 
(rpm) reversible motor that draws 
about O.;! ampere. The motor turns 
the upper sprocket through the 
motor-drive gear (M-7) and the 
shaft-drive gear (US-3). Other 
motor speeds are available for 
faster or slower following 
rates. Other following speeds are 
also possible by replacing the 
motor-drive gear (M-7). Contact 
the Instrument Development Labora- 
tory for changes. The motor as- 
sembly is pivoted to disengage 

gears for ease of adjustment to 
stage height. The counter is nor- 
mally engaged. 

Cable belt or roller chain and 
gearing 

Rotation of the upper 
sprocket assembly displaces the 
pressure-cup assembly along the 
support tracks and also drives the 
output-shaft assembly for ADR or 
digitizer connections. The 
sprocket-drive gear also engages 
the counter-drive gear (US-3 to 
CA-7) to rotate the counter shaft 
for the numerical display of 
stream stage. The gears rotate 
the counter shaft so that the 
last, or lower, wheel of the 
counter registers hundredths of a 
foot. 

Limit switches 

Limit switches (part No. 19) 
mounted on the carriage track are 
actuated by the pressure-reservoir 
carriage and stop the drive motor 
to prevent damage if the manometer 
is over or under pressured. The 
upper limit switch stops the motor 
drive when the carriage reaches 
the upper limit of its travel 
(minimum pressure), and the lower 
limit switch stops the motor when 
the carriage reaches the lower 
limit of its travel (maximum pres- 
sure). Each switch limits the 
movement of the carriage in only 
one direction so that the mano- 
meter unit again becomes operative 
when normal pressure is re- 
stored. The limit switches can be 
positioned on the carriage track 
to adjust the stop location as 
appropriate to the specific 
requirements of any installation. 

Manometer-angle adjustment 

Inclination of the manometer 
is adjustable to compensate for 
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errors caused by temperature- 
dependent variations in specific 
gravity of mercury. A 
temperature-calibrated fold-out 
arm is used with a plumbline 
(fig. 4) to set the inclination 
for the average ambient tempera- 
ture. The level bubble on the 
manometer plate is used to check 
alinement of the fold-out arm and 
plumbline pin. When the level 
bubble is centered, the manometer 
should be inclined at 17O40', and 
the plumbline should cross the 
temperature scale on the fold-out 
arm at 670~. 

Servo-Control Unit 

The purpose of this unit is 
to control the manometer motor by 
sensing an unbalanced condition 
through sensitive contacts on the 
float switch. This unit provides 
a time delay to decrease motor 
action and a ramp-start motor to 
allow a higher revolution per 
minute to be used for a higher 
following rate of the pressure 
reservoir while still maintaining 
stability at a narrow null set- 
ting. Time delay is achieved by 
charging a capacitor from a fixed 
voltage through a resistance to a 
given trigger voltage. A ramp- 
start motor is used so that 
voltage to the motor gradually 
increases rather than applying the 
full 6 volts instantaneously. The 
ramp-motor voltage is obtained by 
charging a capacitor with a con- 
stant current and forcing the ap- 
plied motor voltage to follow the 
capacitor voltage, regardless of 
motor load, by using a feedback 
servo loop. This circuit gives a 
starting ramp slope of 0.3 volt 
per second. Therefore, it will 
take about 20 seconds to reach 
6 volts. For a 5-rpm motor, this 
would give speed-time slope of 
0.25 rpm per second; for a 15-rpm 

motor, 0.75 revolution per minute 
per second. This ramp-start tech- 
nique initially provides the de- 
sirable dampening effect of a slow 
motor (for example, 1 rpm) but 
then maintains a higher revolution 
per minute to move the pressure 
reservoir. 

Some additional features of 
the control unit are (1) protec- 
tion from short circuits across 
the float-switch contacts, (2) ADR 
interlock, (3) high efficiency, 
(4) manual buttons, and (5) an off 
switch on the time delay. The 
short-circuit protection allows 
the float-switch contacts to be 
shorted together without damage to 
the control unit. A short simply 
causes the pressure reservoir on 
the manometer to rise (decreasing 
stage) until the limit switch is 
activated, which stops the drive 
motor. The ADR interlock feature 
allows the user to dispense with 
the conventional interlock re- 
lay. If some unorthodox recording 
scheme is used, the clock plug and 
terminals and the ADR plug may be 
left unused. They are not neces- 
sary for operation of the control 
unit. The plugs and terminals 
provide a simple means for inter- 
locking the ADR and manometer. 
The manometer control unit oper- 
ates efficiently by using high- 
gain, low-leakage silicon transis- 
tors. With open contacts, the 
current drain is typically less 
than 2 microamperes at 750F and 
less than 5 microamps at 125OF. 
At contact closure, current drain 
increases to 5 milliamperes until 
the motor starts. At this point, 
current drain is determined by 
motor load and voltage, but is 
normally less than 250 milliam- 
peres. The output-power transis- 
tors can carry 750 milliamperes at 
a supply voltage of 7 to 15 volts. 
The manual button allows the drive 
motor to be operated manually in- 

21 



dependent of the circuit card. 
The off switch on the time delay 
allows for direct on-off operation 
if desired. 

Note thatthe control unit 
may be operated in any position, 
there is no fuse, and it will 
withstand shorting of the motor. 
Also note that the manual control 
switches disable the external ADR 
drive to prevent accidental damage 
during ADR lockup. Never manually 
operate the manometer while the 
ADR is cycling. Although the 
cycle (motor) stops, lockup may 
have already occurred. 

The nominal supply voltage 
for the servo-control unit is 
7 42volts dc. Operational tests 
show that satisfactory performance 
can be obtained with supply volt- 
ages ranging from 7 to 15 volts 
throughout a temperature range of 
-35OF to +130°F. 

The full series voltage of 
both batteries is used in the 
sensing (float-switch) and tjme- 
delay circuits. Consequently, 
both batteries must be connected 
before operation in even one 
direction is possible. An ac- 
cidental reversal of battery con- 
nections will cause no damage, but 
the equipment will not operate. 

Mini servo-control unit 

The mini servo-control unit 
is designed to do the same job as 
the present ramp-start servo- 
control unit now being used in the 
STACOM manometer. The new unit 
costs about half as much as the 
older unit. Cost reduction is 
made possible by omitting the 
ramp-start feature, simplifying 
the packaging, and using the 
latest in integrated circuitry. 
The unit still has the time-delay 
capability. One improved feature 
is that only a single battery is 
required. The features are listed 
below. 

1. Operation from a single power 
source supplying from 7 to 
15 volts. 

2. LOW standby current of less 
than 1 microampere. 

3. Low servo-switch current of 
less than 120 microamperes. 

4. Shorted float-switch contacts 
cause the servo to drive the 
pressure reservoir upward, 
preventing loss of mercury. 

5. An inhibit input requiring 
from 4 to 12 volts is 
provided to stop the servo 
motor. This input can be 
hooked across the digital 
recorder motor to stop the 
servo when the recorder is 
operating. 

6. A delay of about 15 seconds is 
provided. This can be 
changed to 30 seconds by 
cutting two jumpers on the 
circuit board. A switch is 
provided to turn the delay 
off if desired. 

7. All inputs and outputs are 
short-circuit protected, and 
the power leads are pro- 
tected from reverse 
polarity. 

8. An up-scale, down-scale switch 
is provided for manual 
operation of the motor. 

9. Approximate dimensions are 
2 inches x 81/2inches x 
4 1/2inches. 

Power 

Power for the manometer and 
servo-control unit will ordinarily 
be obtained from dry batteries. 
The pressure-sensing and time- 
delay circuits operate on a fixed 
polarity source of 7 to 15 volts; 
separate 6 (or 71/2) -volt sources 
of opposite polarity are provided 
to operate the drive motor in both 
directions. 

At installations where 
commercial ac power is available, 
economy and reliability of opera- 
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tion can be improved by using 
transformer-rectifier power sup- 
plies. Power supplies of this 
type, specifically designed for 
bubble-gage operation, are avail- 
able from the Hydrologic Instru- 
mentation Facility. Solar-energy 
systems are also available as a 
power source. 

Type of Recorder 

In principle, the STACOM 
manometer can be used to chain 
drive any mechanical water-stage 
recorder fitted with sprockets of 
the proper size. Recorders in 
which a stage differential of 
1 foot corresponds to one revolu- 
tion of the drive shaft require a 
3 to 2 sprocket ratio between the 
output shaft of the manometer and 
the drive shaft of the recorder. 
Most manometers are installed with 
the Leupold & Stevens Model A-71 
graphic or digital recorder or the 
Fischer & Porter digital re- 
corder. Detailed descriptions of 
these instruments are furnished by 
the manufacturers and are not in- 
cluded in this manual. 

Operation with graphic recorder 

No change in this recorder is 
required for use with the mano- 
meter except the substitution of a 
sprocket wheel for the usual float 
wheel and, possibly, a conversion 
of the type of clock drive. 
Sprocket sizes providing the usual 
gage-height scales are as follows: 

Manometer Recorder 
sprocket sprocket 

IStooth 1 ‘j-tooth 
IStooth JO-tooth 

Gage-height 
ratio 

I:6 
1 :I2 

Operation with digital recorder 

The proper drive ratio for 
this recorder is obtained b,y using 

the 30-tooth sprocket on the mano- 
meter output shaft with a 20-tooth 
sprocket on the recorder drive 
shaft. 

With digital recorders, the 
correct direction of drive shaft 
rotation must be observed. When 
chain driven by the manometer, the 
proper direction is obtained by 
normal positioning of the recorder 
with the drive sprocket at the 
back. 

The digital recorder locks 
its drive shaft during the 
punching cycle, and the equipment 
may be damaged unless the mano- 
meter is disabled at this time. 
The disabling function is provided 
through the ramp-start servo- 
control unit or the mini servo- 
control unit inhibit line. 

Operation with Telemark 

The manometer can be used to 
operate the Leupold & Stevens 
Telemark for long-distance trans- 
mission of stage information by 
wire or radio. The proper drive 
ratio from manometer to Telemark 
is obtained by using 15-tooth 
sprockets on both instruments. 

The correct direction of ro- 
tation of the Telemark drive shaft 
must be observed. When chain 
driven by the manometer, the prop- 
er direction is obtained by normal 
positioning of the Telemark, with 
the drive sprocket toward the 
front of the instrument shelf. 

Provision must be made for 
disabling the manometer during the 
keying cycle of the Telemark when 
this instrument "locks up." This 
can be done by connecting wires 
across the Telemark motor to the 
inhibit line on the side of the 
servo-control unit. The lock-up 
arm on the Telemark may be removed 
if two exact readings are not 
required. 
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Facility for installation where 
high stream velocities cause 
drawdown problems. 

#Gas-Purge System 

The gas-purge system is shown 
in figure 12. 

Tube fittings 

Crawford "Swagelok" tube 
fittings are supplied with this 
equipment. These fittings are 
premium priced but will give 
satisfactory leak-proof service if 
installed correctly. Fittings are 
installed as follows: 

Place nut and 2-part ferrule 
on tubing as shown in the sketch 
below: 

Tube, 

Insert end of tubing, with fer- 
rules and nut as shown, as far 
into the tube fitting as it will 
go with the nut drawn up finger 
tight. This should be almost 
tight enough for the nonmetallic 
nylon ferrules. Then tighten the 
nut a little more with a proper- 
sized wrench, but do not exceed 
one and one-quarter turns beyond 
finger tight. Use Teflon tape on 
all pipe threads, but not on tube 
ferrules and nuts. 

Connecting cylinder regulator 

Before connecting the 
regulator to the cylinder, open 
the cylinder valve very slightly 
to blow out any foreign matter 
that may ‘be lodged in the cylinder 
valve and then reclose the 

valve. Connect the regulator to 
the cylinder, tightening the 
right-hand thread (CGA 580) con- 
nection nut firmly with a proper- 
sized wrench (not a pipe 
wrench). Now release the feed- 
pressure-adjust screw by turning 
it counterclockwise until the 
screw no longer exerts pressure on 
the internal parts of the regula- 
tor. Opening the cylinder valve 
slowly will prevent damage to the 
regulator valve and seat if the 
high cylinder pressure is suddenly 
applied to the regulator 
diaphragm. 

A step-by-step procedure for 
changing cylinders is in the 
operation and maintenance section 
of this manual. 

Constant-differential regulator 
and sight feed 

Mount the Conoflow constant- 
differential regulator and sight 
feed in a level position on the 
wall of the shelter near the gas 
cylinder. Then proceed as 
follows: 

a. Connect the cylinder regulator 
and inlet end of the 
constant-differential regu- 
lator with oxygen hose. 
This hose, with brass 
fittings, is used to reduce 
problems with leaks during 
cold weather. 

b. Remove qcinch brass plug and 
fill sight feed with the 
silicone oil to not more 
than one-third full. Wrap 
Teflon tape on the threads 
of the brass-pipe plug and 
retighten plug in sight 
feed. 

C. Connect bubble tube from the 
orifice in the river to 
bubble-tube shut-off valve 
after cutting tubing square 
on end. 
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INSTALLATION Bubble lhbhg 

Equipment Shelter 

A walk-in type shelter is 
recommended for the manometer 
equipment, and adequate space and 
protection from the elements are 
necessary for personnel while 
testing and servicing. The 
shelter should be at least 4 feet 
by 4 feet inside dimensions. It 
should have seals to aid in 
keeping equipment as clean and dry 
as possible. (See fig. 14 for a 
sketch of a typical installation 
and a plan view of a convenient 
arrangement of equipment in the 
shelter.) 

A metal angle or 2-inch by 
4-inch wood support is recommended 
for at least the front of the in- 
strument shelf. The angle should 
come to within about an inch of 
the front of the shelf with the 
vertical leg toward the rear. 

R 

This provides the rigid support 
required for the manometer but 
keeps the vertical leg of the 
angle far enough back to allow 
sufficient space between it and 
the back of the manometer. 

A fiberglass shelter now 
being used by many Districts is 
available (figs. 15 and 16). This 
house is available in sizes 4 feet 
by 4 feet, 4 feet by 5 feet, 
6 feet by 8 feet, 8 feet by 
8 feet, and 8 feet by 12 feet. 
(See WBD Bulletin, April-June 1976 
for more details.) 

The shelf should be of 
3/4-inch or l-inch marine- or 
exterior grade plywood fastened 
securely to supports. The 
35-foot-range manometer requires a 
shelf height of at least 
34 inches. The 50-foot-range 
model requires the shelf to be at 
least 50 inches above the floor, 
or the floor must be cut away 
(fig. 14) to allow the manometer 

- 

I 

to project into the space below. 

The bubble tubing can be 
brought into the shelter from 
below ground level in a suitable 
elbow cast in the footing. It is 
recommended that the tubing be 
placed in a pipe or conduit to 
protect it from damage by vandals 
or floods. The tube can be buried 
directly in the ground, but it 
should have sand or other suitable 
material placed around it as pro- 
tection from sharp-edged rocks 
during backfill. 

Bubble Orifice 

The bubble-orifice fitting 
(figs. 17 and 18) is installed in 
a pipe cap for mounting to a 
2-inch pipe. The 2-inch pipe can 
be cast in a concrete pier or 
mounted so it can be adjusted for 
channel changes. The orifice must 
be anchored securely in the stream 
to avoid changes in elevation and 
positioned so it is slightly below 
the lowest stage to be recorded. 
The bubble tube, after square cut- 
ting the end, can be passed 
through the orifice-support pipe, 
inserted through the brass fit- 
ting, and seated against the in- 
ternal shoulder of the machined 
brass part of the fitting. Tight- 
en the fitting to hold the tube 
and, with the large nut slightly 
loosened, tighten the cap on the 
pipe without twisting the tube on 
the inside. The neoprene gasket 
on the inside of the cap will hold 
the machined part as the nut is 
finally tightened. The orifice 
should enter the stream under- 
ground, wherever possible, to pre- 
vent the pipe from being ripped 
out by floods, ice, or vandals. 
Common installations for the mud 
and sand streambeds are shown in 
figures 19 and 20. Static-tube 
systems are available from the 
Hydrologic Instrumentation 
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Photograph courtesy ot 
Vertex Plastics, Inc. 

Figure 15. -- Typical fiberglass shelter. 
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+ 4 

I -a-l 
CORNERS 

F -+I-, -““‘-‘/I 
~2”~2”x’/,” ANGLE 

STANDARD SHORT PLATFORM 

LISTING OF ADDITIONAL PARTS 
1 

PARTS FOR:($-$$~~$$j STOCK 1 LENGTH USED FOR: 
r Post 

Rail 
Rail 
Rail 

STEP 

LADDER 

2 Vti’ bolt 1 I, Step to support 
4 112” bolt V/2” Platform support to house 
4 114” bolt lV2” Step to step support 

4 =IB” bolt 3” Ladder to house 
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ADAPTER 
2” PIPE CAP 

II It---L- I 
TUBE FITTING 
CRAWFORD 
MALE-CONNECTOP 
NO. 600-7-4 

2” PIPE 

I I 
I b 
‘J --/ 

BUBBLE TUBE 
BLACK POLYETHYLENE 

l/8” INSIDE DIAMETER 

318” OUTSiE DIAMETER 

Figure 17. --Bubble-orifice assembly. 
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PIER INSTALLATlON 

GALVANIZ 
COUIPLIN 

‘LI’ ’ 
COPPER 

TUBE 

l/4” BUBBL 

BUBBLE TUBE 

DOWNSTREAM SI 

PLATED FLUSH 
MOUNTING BRACKE 

ORIFICE CAP 

BRASS BAR 

ALVANIZED 

ORIFICE CAP DETAIL 

BANK INSTALLATION 

TO SHELTER TO SHELTER- 

FLEXIBLE JOINT FLEXIBLE JOINT 
2” COUPLING 2” COUPLING 

COUPLING COUPLING 
ORIFICE DETAIL 

GALVANIZED BRASS BAR 

. 
3’ EARTH ANCHOR BIPEDS 

FASTENED TO ORIFICE 
PIPE WITH 3” U BOLTS 

coulYf~$$$--&~~~~ PLUG ” 
I 

STREAMBED 

NOTE: Not to scale 
600-1-4 ;UBE x’/4” BUBBLE EXIT 

FITTING 

MUD BANK 

Figure 19. --Orifice installation for mud streambed. 
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PIER INSTALLATION 

BUBBLE TUBE 
TO TOP OF 

AND SHELTER 

“T” FOR ADD 

GALVANIZED OR 
PLATED FLUSH 

MOUNTING 

CONCRETE PIER, 
OWNSTREAM SIDE 

‘/‘I” GALVANIZED PIPE 

WELLSCREEN 
ORIFICE DETAIL 

BRASS BAR 

STREAMBED 

STREAM PARTICE 
SIZE, 9 12 AVERAGE 

BANK INSTALLATION 

FLUSHING RISER, ADD 
SOLVENT THROUGH 

GAGE SHELTER 
AND FLUSHING RISER 

PIPE, WATER 
TIGHT TO SHELTER 

/ 
SAND 

ST ‘REAMBED 

3’ EARTH ANCHOR BIPODS 
OR PLASTIC WELLSCREEN 

NOTE: Not to scale 

Figure 20. --Orifice installation for sand streambed. 
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d. Connect Tygon tube from the 
manometer to the manometer 
shut-off valve after cutting 
tubing to correct length. 
Make certain that there is a 
stainless-steel insert in 
each end of this tube before 
connecting. The inserts are 
necessary with this soft 
flexible tubing to insure 
that it does not collapse 
under the pressure of the 
tube fitting or blow 
completely out of the 
fitting. 

e. To flush orifice, follow 
details in figure 21. 

Manometer Assembly 

Unpack manometer and other 
components. The manometer is 
complete, except for assembling 
the float switch. Power supply 
(batteries, solar system, and so 
forth) and control unit do-not 
come with the manometer and must 
be supplied by the installer. 

Assembly of float switch 

The armature and float as- 
sembly will be found wrapped and 
taped between the carriage 
track. The armature assembly is 
too heavy to be shipped mounted in 
place on the jeweled bearings, 
which might severely damage the 
bearings. 

The procedure for assembling 
of the float switch (fig. 22) is 
as follows: 

a. Position the movable pressure 
cupl.manually to the approxi- 
mate level of the float- 
swi.tch reservoir. 

b. Remove the terminal 
connectors. 

C. Remove the float-switch stack 
by removing the three screws 
holding it in place on the 

reservoir and set aside with 
care. 

d. Unwrap float and assemble into 
float stack. Use caution in 
assembly by positioning the 
armature center contact (FS- 
120) between the two con- 
tacts (FS-11) at the top of 
the stack. 

e. Engage the pivot shaft (FS-17) 
of the armature between the 
jeweled bearings (FS-18) to 
finger tightness. Some 
looseness of the jewel 
screws is desirable to pre- 
vent damage to the pivot 
points (fig. 23). By trial 
and error adjustment, center 
the armature in the stack 
with no binding of the 
bearing points. The jewel 
screws should finally be ad- 
justed so that slight later- 
al movement of the armature 
can be detected but not so 
much as to allow the arma- 
ture to fall from the 
jeweled bearings. 

f. Test freedom by tilting the 
stack and observing that the 
center contact is free to 
oscillate between the two 
contacts. No holdup in the 
oscillation should occur; if 
it does, the jeweled bear- 
ings are too tight. 

g- Reassemble the stack on the 
reservoir. The stack (with 
float and armature) should 
now be replaced temporarily 
on the reservoir, and the 
mercury-contact roll pin 
should be adjusted, if 
necessary, so that it does 
not touch the bottom of the 
reservoir but will contact 
the small pool of mercury 
that will be trapped in the 
bottom by the reentrant 
stainless-steel tube fit- 
ting. The float switch can 
now be loosely reassembled 
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Figure 22. --Float-switch assembly. 
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PROPER ADJUSTMENT IMPROPER ADJUSTMENT 

FLOAT’ 
SWITCH 

STAFF 

MANOMETER FL OAT SWITCH 

PIVOT ADJUSTMENT: 
THE FLOAT SWITCH STAFF COULD TIP BACK AND FORTH ON SIMPLE KNIFE EDGES BUT 
FOR PRACTICAL REASONS OF CONTAINMENT,DURABlLlTY AND EASE OF PROCUREMENT 
THE JEWELED BEARINGS AND PIVOTS ARE USED 

THE JEWELED BEARINGS MUST BE ADJUSTED WITH CARE SO AS NOT TO JAM AND DEFORM 
THE VERY DELICATE PIVOT POINTS. A VERY LOOSE ADJUSTMENT OF THE JEWELED 
BEARINGS IS PREFERRABLE AS ANY DRAG ON THE PIVOT WILL CAUSE SYSTEM 
INSENSITIVITY 

Figure 23.-- Pivot adjustment. 
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until the mercury is in- 
stallled in the manometer. 
The two contacts should now 
be jzent slightly, as re- 
quired to center them and to 
make them parallel, with a 
spacing that will allow a 
movement of the armature of 
about l/32-inch. 

h. Connect electrical terminals, 
foXLowing the color coding. 

1. Hook up pressure lines to 
pressure cup --two ferrules 
front and back. 

Connecting pressure tube 

This soft-type tube should be 
passed through the tube fitting in 
the manomleter backplate. Pull the 
tube through the fitting until 
only enough remains on the inside 
of the manometer to nicely reach 
the pressure reservoir at both 
limits of its travel. 

Mounting manometer on shelf 

Temporarily place the re- 
corder that will be used on the 
shelf. Place the manometer- 
mounting casting on the front of 
the shelf and as far back on the 
shelf as the downward-projecting 
part of the casting will allow. 
Fasten the casting securely to the 
shelf with the four stainless- 
steel screws provided. 

Connect the pressure tube 
projecting from the back of the 
manometer to the manometer shut- 
off valve after cutting the tube 
to a convenient length. If the 
tube is shortened, be sure that 
the stainless-steel insert is 
replaced in the end before the 
tube is connected to the shut-off 
valve. 

Placing mercury in manometer 

The amount of triple- 
distilled mercury supplied with 

this equipment is a little more 
than is actually required. It is 
more convenient to place only 
about 3/4 pound in the manometer 
at this time, adding more (about 
l/4 pound to 35 feet and 3/4 pound 
to 50 feet) when the equipment is 
placed in operation. To place 
mercury, proceed as follows: 

a. Remove stack from float-switch 
reservoir. 

b. Grasp mercury-transfer tube 
about a foot below the 
float-switch reservoir and 
lift tube a little higher 
than the reservoir. 

c. Pour about 3/4 pound of 
mercury into the reservoir. 

d. Lower mercury-transfer tube 
slowly, allowing mercury to 
flow through it to the 
pressure reservoir without 
trapping air in the tube or 
fittings. If any small 
bubbles remain in the 
mercury-transfer tube, they 
can be dislodged by gently 
tapping the mercury-filled 
tube with the fingers. 
Continue to add the proper 
amount of mercury as 
indicated above. 

e. Replace stack and tighten 
screws snugly to seal the 
0 ring. 

Check of connections 

At this point, all tube and 
electrical connections on the 
manometer unit should be checked 
to make sure that they have not 
worked loose in transit. 

Servo-Control Unit 

Battery connections 

Connect battery leads from 
the servo-control unit to 6-volt 
(or 7 l/,-volt) batteries, as indi- 
cated in figures 24 and 25, 
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AUTOMATIC 
DATA 

RECORDER 

RAMP 

START 

CONTROL 

UNIT 

I 
TIMER F -.I 

A r-TO MANOMETER 

JUMPER 

NOTES: (1) REPLACE BOTH BATTERIES IN OCTOBER AND TIMER SIDE 
BATTERY (B) AGAIN IN MARCH 

(2) TIMER MUST BE CONNECTED TO THE NEGATIVE SIDE OF 
BATTERY 

- 
B Figure 24. -- Wiring diagram for use with ramp-start control. 

39 



RAMP 
START n CONTROL 

UNIT 

STAGE 
AUTOMATIC 

DATA 
RECORDER 

PRECIPITATION 

AUTDoAMTAATIC 
RECORDER 

?d 
PLUG 

WHEN PRECIPITATION; 
AUTOMATIC DATA RECORDER 

IS NOT I3EING USED, / 

- 

CONNECT THIS PLUG 
DIRECTLY INTO STAGE 

AUTOMATIC DATA RECORDER 

Ii -TO MANOMETER 

1 TIMER 

c OMIT THIS BATTERY 
I DURING PERIODS 

WHEN ONLY ONE 
ADR IS BEING RUN 

11 

THIS JUMPER’MUST BE IN PLACE WHEN A RAMP- 
START CONTROL UNIT WITH THREE TERMINALS 
ON TOP IS USED; OTHERWISE OMIT THE JUMPER 

Figure 25. --Wiring diagram for use with ramp-start control and 
precipitation automatic data recorder. 
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carefully observing the color 
coding of the wires. The mano- 
meter will not operate if the 
polarity of the batteries is 
reversed. The servo-control unit 
should not be connected to the 
manometer at this time. 

Recorder 

Drive sprocket.--Place the 
desired sprocket (see section on 
operation with graphic recorder) 
on the float-wheel shaft of the 
graphic or digital recorder in 
place of the float wheel. (Note 
that, by loosening the right-hand 
and left-hand screws in the re- 
taining disc, the float-wheel 
shaft of the recorder can be ro- 
tated in the usual manner to check 
reversal points and to set pen.) 
Connect the ends of the I/2-inch 
ladder drive chain and place the 
chain over the sprockets. With 
the graphic recorder and 1 to 
12 gage-height ratio, a 22-inch 
length of chain is used; with the 
1 to 16 ratio, the chain can be 
shortened if desired. For the 
ADR, the chain lengths are 31 in- 
ches and 23 inches with the jack 
shaft and 37 l/2inches without. 

Placement and leveling.-- 
Level the recorder on the shelf. 
Move the recorder into place to 
properly line up and tighten the 
drive chain, leaving a little 
slack in the chain. When the 
chain is properly tightened, check 
the recorder leveling and secure 
the recorder in place with foot 
screws as usual. 

A step-by-step procedure for 
smooth and fast installation of 
the gagehouse equipment follows: 

1. Install battery box (if used) 
and batteries. 

2. Drill holes in floor for 
bubble- orifice tubes. 

3. Install Conoflow regulator 
assembly. Note arrow on 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 
15. 

regulator showing direction 
of gas flow. 

Install holders and strap to 
hold nitrogen tank. 

Install nitrogen tank and 
tank regulator. 

Complete tube hookup from 
tank regulator to Conoflow 
regulator and attach 
orifice tube to Conoflow 
regulator. 

Start nitrogen flow, and let 
gas continue to bubble 
through bubble tube and 
orifice to clean and dry 
system. Check for gas 
leaks. 

Install manometer mounting 
bracket and manometer, and 
adjust level. 

Hook up pressure tube from 
Conoflow regulator manifold 
to pressure cup on 
manometer. 

Install mercury and float 
switch; adjust jewels and 
points. Mercury level 
should be about i/8-inch 
above bottom of pressure 
cup, which takes a total of 
about 11/2pounds of mer- 
cury. The amount varies 
depending on the model of 
manometer used. 

Install control unit, and 
connect to batteries and 
manometer. 

Install graphic recorder (if 
used). 

Install digital recorder and 
timer. 

Install Telemark (if used). 
Make final gas test, includ- 

ing high pressure, and 
check all electrical 
connections. 

OPERATION AND NAINTENANCE 

Manometers are more complex 
than most other water-stage- 
recording devices. Successful 
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operation requires alertness and 
the ability to recognize and diag- 
nose malfunctions, some of which 
may be subtle. Familiarity with 
these instruments leads to in- 
stinctive recognition of common 
trouble symptoms. The general 
procedure described below is in- 
tended as an aid in developing 
this instinct. 

Observation 

The first and most important 
step in manometer operation is ob- 
servation. Items that should al- 
ways be given attention during 
routine manometer inspection are 
listed below: 

1. Relation between outside and 
inside gage readings. 

2. Relation of mercury surfaces 
in pressure reservoir and 
in float-switch reservoir. 

3. Quantity of mercury in 
pressure reservoir and 
stability of surface. 

4. Appearance of recorder chart. 
a. Magnitude of steps. 
b. Painting of pen trace 

(surge). 
c. Flattened crests and 

troughs. 
d. Intermittent failure of 

manometer to follow 
stage. 

e. Sudden breaks in 
continuity of record. 

f. Frequent "inspection 
marks." 

g- Sags in pen trace for 
short periods. 

h. Rapid rise to limit 
during cold weather. 

1. One-way operation (up or 
down only). 

5. Bubble rate. 
6. Gas pressure. 

Electrical Malfunction 

If no abnormalities are 
evident, good operation may be 

assumed, and no further attention 
is needed. If electrical malfunc- 
tions are indicated by chart ap- 
pearance, the following items 
should be considered: 

1. Condition of float-switch 
points, jewels, and float. 

2. Motor performance. 
3. Servo-control unit response. 
4. Battery voltage. 

Common Problems and Suggestions 

If performance of the mano- 
meter is not satisfactory, as 
judged from the above observa- 
tions, steps should be taken to 
improve it. Factors causing poor 
operation and suggestions for cor- 
recting them are listed below. 

1. A stage reading on the 
counter that is higher than 
the outside-gage reading 
and is not due to orifice 
movement is common and 
serious. Obstructions in 
the bubble tube, usually 
oil or water, cause the 
difference between the in- 
side and outside gage read- 
ings to increase slowly 
over a period of months. 
If the obstruction is not 
removed, operation of the 
gage will become increas- 
ingly unreliable, eventual- 
ly causing severe painting 
or hunting. The oil or 
water can be removed by 
forcing a solvent, which 
itself can be easily re- 
moved, through the tub- 
ing. One quart of n-hexane 
(available from bulk- 
petroleum distributors) can 
be,forced through the tub- 
ing by use of a pressure- 
tank garden sprayer. The 
spray nozzle is replaced by 
a fitting that connects the 
bubble tube to the sprayer 
hose. The pressure pump 
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will force the solvent 
through the line easily if 
the orifice is only a few 
feet under water. After 
the line is purged, it 
should be flushed with 
nitrogen to remove the 
heavy solvent fumes which 
otherwise would affect gage 
operation for a few days. 
The flushing nitrogen 
should be taken from the 
bypass system or the 
regulator, not from the 
sight-feed outlet. The 
source of contaminating oil 
is usually the sight-feed 
valve when the bubble rate 
is too fast. 

A low inside-gagereading 
is unusual and is generally 
caused by orifice movement 
or a gas leak. The orifice 
anchorage and all fittings 
in the gas line should be 
checked. If the counter 
reads low only during high 
stages, drawdown or incor- 
rect setting of the mano- 
meter angle is likely. The 
angle should be changed 
only after a careful analy- 
sis of variation versus 
stage to insure that the 
relation is linear. 

Orifices in highly minera 
lized water often become 
obstructed or completely 
closed by mineral deposits 
that build up at the river 
end of the orifice. This 
can be corrected by using a 
short length of larger ID 
tube at the river end. A 

l/@nch ID copper tube ori- 
fice fitting can be reamed 
periodically to remove any 
buildup. Gas other than 
nitrogen may also correct 
this condition. 

2. The vertical displacement of 
mercury in the manometer 

should indicate the dis- 
tance of the orifice below 
water surface. Lack of 
displacement shows that the 
orifice may be above water. 
Negative displacement shows 
a vacuum, which, though un- 
common, may be highly sig- 
nificant. This condition 
is relieved by venting the 
float-switch reservoir to 
the atmosphere. 

3. Mercury in the pressure res- 
ervoir should just cover 
the reservoir surface at 
lowest operating tempera- 
ture. Less mercury causes 
erratic operation. Excess 
mercury is much less 
harmful. 

Pulsation of themercury 
surface indicates orifice 
trouble unless the orifice 
is in rough water. This 
pulsation causes either 
stepped or painted pen 
tracings, depending on the 
delay circuit. Amplitude 
of the surge can sometimes 
be minimized by slowing the 
bubble rate to the lowest 
value that other conditions 
will permit. Better opera- 
tion may be obtained by 
cleaning the orifice, 
moving it to quiet water, 
or pointing the tube verti- 
cally downward. 

4. Appearance of the graphic- 
recorder chart is the prime 
indicator of manometer per- 
formance. The symptoms of 
malperformance are much 
more difficult to find on a 
digital tape than on a 
graphic chart. The careful 
scanning of a digital 
record can be better done 
after it has been trans- 
lated, but the best field 
analysis possible is well 
worth the effort. 
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a. The size of step is not 
related to contact-point 
spacing at all. It is a 
function of motor speed, 
electrical resistance 
through the float-switch 
contacts (affected by 
cleanliness), water- 
surface surge, bubble 
rate, and delay-circuit 
characteristics. Step- 
ping can often be mini- 
mized by use of a 1-rpm 
motor instead of the 
standard 5-rpm motor on 
the screw-type mano- 
meter. In the STACOM, a 
gear change (M-7) may be 
used to control speed of 
the manometer. This 
will permit the unit to 
follow only stage 
changes slower than 
3 feet per hour. The 
delay circuit changes 
surge into steps. The 
step size is usually 
equal to the amplitude 
of the surge. Sometimes 
careful location of the 
orifice in quiet water 
will minimize steps. 
The slowest permissible 
bubble rate will mini- 
mize some stepping. 
Large steps may also be 
due to servo-control 
malfunction. The servo- 
control unit should be 
replaced, and the one 
thought to be malfunc- 
tioning should be 
brought in for tests and 
repairs. 

b. Painting at low stages is 
almost always due to an 
obstruction in the gas 
line or at the ori- 
fice. (See figure 21 
for procedure to flush 
gas line.) If the ori- 
fice is horizontal, the 

painting may be stopped 
by pointing the orifice 
down. Float-switch 
jewels that are faulty 
or too tight or float- 
switch contacts that are 
set too closely may 
cause painting. Welding 
of the contact points 
will cause the recorder 
to paint, but welding 
also indicates other 
electrical difficulties. 

c. Float-switch contacts that 
are too far apart cause 
long flat spots at the 
tops of rises or at 
troughs. 

d. Intermittent malfunctions 
might be corrected by 
replacing the entire 
servo-control unit and 
motor. Field repairs 
are impractical. 

e. Debris catching on or 
being washed off the 
orifice will cause 
sudden breaks in the 
record. Swimmers or 
animals stepping on or 
lifting a lightly 
anchored orifice will 
have the same effect. 
Clean and reanchor the 
orifice if necessary. 

f. Inspection marks not made 
intentionally are usual- 
ly made by sticking 
points (tight jewels) or 
sticking relays. Adjust 
jewels, or replace con- 
trol unit. Some combi- 
nations of control units 
and certain motors cause 
unintentional inspection 
marks by frequent over- 
run. 

g. Gas leaks are most fre- 
quent when the tempera- 
ture is changing rapid- 
ly. Scratching in the 
tubing under the 
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Swagelock fittings is a 
prolific source of 
leaks. A light coating 
of black Permatex on the 
tubing and under the 
ferrule will prevent 
leaks due to scratch- 
es. Some sight-feed 
components were furnish- 
ed with brass ferrules, 
which should be replaced 
with nylon ferrules. 
Intermittent leaks are 
very difficult to find 
unless the joint is 
leaking when the hydro- 
grapher is present. 

h. A frozen orifice or ice in 
the bubble tube causes 
the pressure reservoir 
to rise as high as the 
gas pressure or limit 
switch will allow. This 
causes the mercury to 
blow out at times. If 
this has occurred and 
the orifice has thawed, 
install fresh mercury or 
recover mercury from the 
overflow reservoir. (Do 
not sweep up and reuse 
the spilled mercury, as 
it will have a lower 
specific gravity than 
new mercury.) Set the 
bubble rate and line 
pressure as low as prac- 
ticable during cold 
weather. Check all sol- 
dered joints carefully, 
as the blown mercury may 
have rotted them. . 1. The set screw on the float 
may have vibrated out of 
adjustment so that the 
armature does not touch 
one of the contacts. A 
fitting under the mer- 
cury may have vibrated 
up to interfere with the 
float and armature. Re- 

pairs are obvious in 
these cases. A tripped 
circuit breaker or blown 
fuse may cause one-way 
operation only. The 
control unit may be 
faulty. 

5. Bubble rates higher than 
60 per minute may contami- 
nate the orifice tube with 
silicon oil from the sight 
feed and cause poor opera- 
tion. Rates too low can 
cause the record to lag 
during rapid rises in 
stage, which will show as a 
straight line instead of a 
curve on the rising limb of 
a flood hydrograph. A 
sight-feed valve in good 
operation will hold its 
rate within close limits. 
Rapid changes in rate or 
inability to hold settings 
are usually due to lint in 
the needle valve. Lint is 
easily removed, but exten- 
sive repairs are impracti- 
cal in the field. 

6. Tank pressure should fall 
about 100 psi per month 
(112 cubic-foot cylinder, 
60 bubbles per minute). A 
more rapid pressure loss 
indicates leaks. Changes 
in temperature between suc- 
cessive readings will af- 
fect pressure loss. Line 
pressure of 22 psi will 
operate a 50-foot bubble 
gage throughout its range, 
and 15 psi will suffice for 
a 35-foot model. Low line 
pressure limits operating 
range. 

7. Float-switch jewels that are 
too tight or too loose 
cause erratic operation 
(fig. 22.) They should be 
on the loose side when set 
during most normal opera- 

45 



ting conditions. However, 
they should be set as 
tightly as operation 
permits during cold 
weatther. The screw (roll 
pin) on the float should 
just touch the mercury 
surface when all the 
mercury that will drain has 
been drained. Any deeper 
submergence may impede the 
armature. The contact 
points should be scraped 
from time to time with a 
burnishing tool or a sharp- 
edged tool. 

8. A motor in excellent adjust- 
ment will run from one 
fresh flashlight D cell. A 
motor that will not start 
with two cells should be 
replaced. Field cleaning 
of motors is not generally 
practical but can be done 
as a last resort. 

9. The response should be quick 
and clean when the servo- 
control unit delay switch 
is off. The up and down 
de:Lay times should be about 
the same. If the responses 
are not satisfactory, try a 
jumper wire from mercury 
ground to each contact 
point head (in turn) to 
rule out float-switch trou- 
blles. The float-switch 
armature must be in null 
position while the jumper 
is connected. Also check 
voltage at motor leads be- 
fore replacing the control 
unit. 

10. Batteries go dead quickly in 
cold weather if the motor 
becomes too stiff to 
start. Painting is espe- 
cially hard on batteries. 
If voltage is found to be 
low for no obvious reason, 
the mechanical parts of the 

manometer should be checked 
for binding bearings or 
gears. 

Complex testing devicesare 
available that can pinpoint 
a faulty relay or diode and 
can measure float-switch 
resistance. However, these 
are rarely needed. The 
best testing apparatus is 
the graphic recorder. With 
this, a simple voltmeter, 
and the procedure suggested 
above, almost all malfunc- 
tions can be corrected or 
prevented by the hydro- 
grapher on a routine 
trip. Once the hydrograph- 
er is familiar with the 
general procedure, it need 
take no more time than ser- 
vicing the water-stage re- 
corder. Without alert ob- 
servation and trouble- 
shooting, high-quality re- 
cords of stage from mano- 
meters (or any other gage) 
are impossible to obtain. 
With skillful maintenance, 
an excellent stage record 
can be collected at less 
expense and with less ef- 
fort with the STACOM maono- 
meter than with any other 
type of gage at most 
locations. 

PROCEDURE FOR CHANGING GAS 
CYLINDER 

1. Refer to figure 21. Turn off 
valve to manometer. (1) 

2. Turn off valve at cylinder. 
3. Close Conoflow sight-feed 

valve. (2) 
4. Close river line. (3) 
5. Remove regulator screw. 
6. Remove old cylinder and se- 

cure new cylinder in place. 
Open valve of new cylinder 
for a second or so to blow 

a 
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out any dirt or dust before 
connecting regulator. 

7. Open cylinder valve slowly 
until tank pressure gage 
shows full tank pressure. 
Open valve completely. 

8. Close cylinder valve and 
watch tank pressure gage. 
If it returns slowly to 
zero, either the inlet 
connection nut or the 
cylinder valve-stem packing 
is leaking. If the 
connection nut is leaking, 
the condition must be 
corrected. 

9. Open cylinder valve slowly 
and completely. 

10. Open bypass valve. (4) 

11. Replace backout screw in 
regulator and adjust to 
desired pressure. 

12. Close bypass valve. (4) 
13. Open Conoflow sight feed. 

(2) 
14. Open river line. (3) 
15. Open valve to manometer. Gage 

should now be back in 
operation. 

APPENDIX 

STACOM Manometer Parts List, 
p. 48-53 

Screw-Type Manometer Parts List, 
p. 54-57 
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